czech agriculture experienced a couple of institutional and economic changes in the last two decades. The most important one is the accession to the European Union and the accompanying implementation of the cAP principles. These changes had a significant influence on the performance, structure and size of czech agriculture. With regard to this, an important question arises: are czech farmers taking advantage of the opportunities of the cAP and the common market or are they falling behind? This paper shows the development of the performance of czech agriculture and its branches, and identifies the factors which determine the successes and failures of the growth of czech agriculture since the EU accession. in particular, the paper focuses on the development of technical efficiency and the total factor productivity (TFP) and their components in the period 2004-2007. The following questions will be elaborated. The first relates to the technical change and technical efficiency. The aim is to identify whether agriculture is following a path of sustainable development, characterized by the adoption of innovation and the reduced waste of resource due to the inefficient input use. The second concerns productivity development. The aim is to identify the key factors which determine the productivity development in czech agriculture. The last question concerns the sector-specific development. The aim is to assess whether the branches are determined by the same factors or whether idiosyncratic developments have occurred.
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These questions will be elaborated by estimating a joint stochastic frontier production function model for czech agriculture. Then, the estimates are used to construct the TFP. Furthermore, the TFP and technical efficiency are broken down into their individual components.
Technical efficiency in czech agriculture has been analyzed by several authors, e.g., hughes (1999), Mathijs et al. (1999a Mathijs et al. ( , b, 2001 , curtiss (2002), Juřica et al. (2004) , Jelínek (2006) , Medonos (2006) and Čechura (2009, 2010) . We complement these studies with an analysis of technical efficiency and the TFP development, as well as their determining factors, since the czech republic accession to the EU.
MATERIAL AND METHODS
The estimation of a stochastic frontier production function model for czech agriculture follows Čechura (2010) . Čechura (2010) showed that the presence of a significant firm heterogeneity overestimates the technical inefficiency. considering both the theoretical criteria of the production function and significant firm heterogeneity, the author suggests using the Fixed Management model for the measurement and analysis of technical efficiency. This paper will use the same data set, and therefore the Fixed Management model, in the analysis of technical efficiency; the total factor productivity development is considered to be a proper choice. That is, we will re-estimate the Fixed Management model and will use it in the construction of TFP (see also Čechura 2009) 1 .
The analysis is based on the assumption that the production possibilities can be approximated by a frontier production function which has the translog form (as in Čechura 2010) . The details of the fitted Fixed Management model are provided in the following section, followed by the information about the construction of TFP. Álvarez et al. (2003 and 2004) specified the Fixed Management model as a special case of the random Parameters model in the following form:
Fixed Management model
and
where x it is a vector of inputs containing K = 4 production factors -Labour (A it ), capital (C it ), Land (L it ) and Material (M it ). indices i, where i = 1, 2,…, N, and t, where
, refer to a particular agricultural company and time, respectively, and   i  represents a subset of years T i from the whole set of years T (1, 2,…,T), for which the observations of the i-th agricultural company are in the data set (see unbalanced panel). α is an intercept (productivity parameter). β are parameters to be estimated that determine the production function f. Technical efficiency, TE i(t) , with 0 ≤ TE i(t) ≤ 1, captures the deviations from the maximum achievable output. v it is the random error and u i(t) is the inefficiency term. The random error (statistical noise) v it and the technical inefficiency term u i(t) of the stochastic frontier production function model are assumed to be
and to be distributed independently of each other, and of the regressors (for further references see Kumbhakar and Lovell 2000) . 
 
where
Thus, the technical efficiency consists of three components: (i) time-invariant, firm specific effect -management -γ 0 , (ii) interaction of m * with time -technological change -γ t , (iii) interaction of m * with the inputs quantity and quality -scale effect -γ x . Álvarez et al. (2004) showed that u it can be estimated, according to Jondrow et al. (1982) , as (4) with simulated
The Fixed Management model is fitted with a maximum simulated likelihood in the computer program nLogiT version 4.0 -LiMDEP version 9.0 (green 2007). in the model, all variables are divided by their geometric mean. That is, fitted coefficients represent the production elasticities evaluated on the geometric mean of a particular variable.
Total factor productivity
The total factor productivity is calculated in the form of the Törnqvist-Theil index (TTi) (see, e.g., Čechura and hockmann 2010). The Törnqvist-Theil index exactly determines the changes in production resulting from input adjustments having a production function the translog form (for the proof see Diewert 1976) . Furthermore, caves et al. (1982) show the TTi extension for the multilateral consistent comparisons.
The index is constructed as the deviation from the sample means. The input index for the variable return to scale (VrS), or the constant return to scale (crS), respectively, is given by: A bar over a variable specifies the arithmetic mean over all observations. if no aggregation is needed, i.e., only the development of one variable is depicted, the index simplifies into the deviation from the mean of the variables. That is, the output index and efficiency index are:
Since TFP is a combination of scale effect, technical efficiency effect, technological change effect and management effect, the required indices are defined:
Using these definitions, TFP and its breakdown is given by:
changes in TFP can be expressed either as a ratio (on the mean) of the output and input index (for crS) or as a multiplication of the TFP components, i.e., scale effect (SE), technical efficiency effect (TE), technological change effect (Tch) and management effect (MAn).
Data set
Since the same panel data set is used in Čechura (2010) , the data description provides only basic information. 2 The panel data set is drawn from the database of the creditinfo Firms' Monitor, collected by the creditinfo czech republic, s.r.o. The database contains all registered companies and organisations in the czech republic.
Since the creditinfo database does not contain information about the quantity of land employed in the production of a particular agricultural company, the database LPiS is used for the input factor Land. Price indices and the regional wages are drawn from the czech Statistical office. The source of the official land prices is a study by němec et al. (2006) .
The analysis uses information from the final accounts of the companies whose main activity is agriculture, according to the oKEČ classification (oKEČ 01). Therefore, the analysis concerns agricultural companies, i.e., corporations. Since not all information can be found for all agricultural companies in the database, only those companies having two or more final accounts in the database over the period [2004] [2005] [2006] [2007] The following variables, as defined above, are used in the analysis: output, Labour, Land, capital and Material. output is represented by the total sales of goods, products and services of the agricultural company. output was deflated by the index of agricultural prices (2005 = 100). The Labour input is the total personnel costs per company, divided by the average annual regional wage in agriculture (region = nUTS 3). The total quantity of land employed in the production process of a particular agricultural company is adjusted by the land quality. Land quality is expressed as the ratio of the official land price of the j-th region to the maximal official regional land price. That is, the total quantity of land employed in the production process of the i-th company was multiplied by the quality index of the region to which the company belongs. capital is represented by the book value of tangible assets and it is deflated by the index of processing (industry) prices (2005 = 100). Finally, the Material variable is used in the form of the total costs of material and energy consumption per company, and it is deflated by the index of processing prices (2005 = 100). 3 The development indicators show (see Čechura 2010) that the average growth rate of the output as well as all inputs is negative in the data set. Despite this, labour productivity, land productivity, land intensity and capital intensity in the sample increased in the period from 2004 to 2007. This suggests that agricultural companies are subject to substantial adjustment processes regarding the structure of production factors.
RESULTS

Parameter estimates
First, the results of parameter estimates are discussed. The estimated production elasticities (Table 1) satisfy the criterion of both monotonicity and quasiconcavity, i.e., the elasticities are positive and the diminishing marginal productivity for each input was estimated ( 0
, for r = A, L, C and M). That is, the estimates are consistent with the economic theory (at least on the sample mean).
Production elasticities were also found to be robust under different model specifications (see Čechura 2010) . Material has the highest impact on production, with production elasticities (β M ) 0.63419, which is also consistent with the empirical observations. Labour elasticity (β A ) is 0.227, which corresponds to the ratio of personnel costs to the total output. The production elasticity of Land is at the same level as the elasticity of capital. however, capital determines production with a lower intensity than we would expect. This might be caused by two factors that work together. Since we are working with accounting data, the variable capital does not contain the information about leasing. however, leasing is an important source of capital in czech agriculture. its role is reinforced by the imperfections in the czech capital market.
Technical change has a positive impact on production; however, it decelerates over time. The hypothesis that the parameters are time-invariant (h 0 : β T = β TT = β AT = β LT = β CT = β MT = 0) 4 was rejected at a 5% level of significance. Moreover, the null hypothesis about the hicks neutral technological change (h 0 : ). Thus, the value of the parameter suggests that the variation in the u it is more pronounced than the variation in the random component v it . 2.48 implies that efficiency differences among firms are an important reason for variations in production.
The monotonicity requirements on management imply that the first derivatives of the production function with respect to management are positive for all companies, i.e., . The level of the actual management, m i , is unknown and must be calculated. relation (3) was used for the calculation of the actual management for each company. The results show that an increase in management implies an increase in production for all companies. Thus, the estimates are consistent with the economic theory. coefficients of the unobservable fixed management (β m , β mm , β Am , β Cm , β Mm ) are statistically different from zero, even at a 1% significance level. This can be regarded as an evidence of correctly choosing the random Parameter model as opposed to the 3 For the basic descriptive statistics of the employed variables see Čechura (2010 conventional stochastic frontier approach. Since the coefficients of the unobservable fixed management for Land and Technological change are not statistically different from zero, this implies that Land and Technological change did not contribute to the change in the management productivity in the analyzed period (see β Lm = 0, β Tm = 0). Then, the positive sign on management β m > 0 and the negative on squared management β mm < 0 implies that the management determines production positively (see monotonicity)
but with a decreasing effect. The increase in management causes the increase in the production elasticity and the marginal productivity of inputs -Labour, Land and Material (see β Am < 0, β Lm < 0, β Mm < 0), and the decrease in the production elasticity and marginal productivity of capital (β Cm > 0). The interpretation of the coefficients of the unobservable fixed management (β m , β mm , β rm , where r = A, L, C, M, T) can be reformulated for the relation management and technical efficiency. Since the technical efficiency of the i-th company at time t depends on the level of input factors entering production, the technical efficiency change resulting from the unit change in management depends on the utilization of the individual inputs (see Álvarez et al. 2004 ). The change in technical efficiency resulting from the change in management and in inputs is given by: 
it follows from (12) together with β m > 0 and β mm < 0, that the increase in m i has a positive but decreasing The impact of management on production elasticities can be considered with both the optimal management ( 
Table 2 presents production elasticities with the optimal and actual management calculated on the mean of the sample according to relation (13). The production elasticities with the optimal management (  i m ), i.e., on the production frontier, are very close to the means of random parameters (see Table 1 ). This is especially due to the fact that the coefficients of the unobservable fixed management (β rm , for r = A, L, C, M) are very low compared to the means of random parameters. in addition, the mean of the optimal management is close to zero, -0.07434. Since the mean of the actual management is -0.68413, production elasticities calculated with the actual management differ compared to the means of random parameters. in particular, the production elasticity of Material increased significantly. on the other hand, the production elasticity of Land is nearly identical for both with and without management. Labour and capital elasticities changed only slightly.
The sum of production elasticities with optimal management is equal to 0.97563, and with the actual management to 1.02604. That is, for an average company in the full sample, there is no indication of the economies of scale for both optimal and actual management, since the sum of the elasticities is about one. however, the situation is different for the individual branches. Table 3 provides information about the production elasticities in animal production (AnP), plant production (PlP), combined production (coP) and other production (otP). The average company in the plant production has decreasing returns to scale (0.92739), and so does the average company in other production (0.92330). This suggests that the impact of the scale effect on a productivity change could be relatively high when compared to animal and combined production. There is no indication of the economies of scale for the average company in animal and combined production. however, Table 4 shows that the differences among companies are large in all branches.
Finally, if management is considered to be a production factor, there is a dramatic change in the 
For the average company in the full sample, the direct effect of management is 0.14022 for the optimal management and 0.16587 for the actual management. This suggests that if management enters the production function as a production factor, the agricultural company has increasing returns to scale. however, the interpretation of marginal values of management is difficult, since management does not have explicitly defined units. on the other hand, the results suggest that management might be considered to be an important determinant of agricultural production.
Technical efficiency development
The development of technical efficiency and its components for agriculture and its sectors is shown in Figure 1 . We may observe that the development of efficiency in czech agriculture was considerably volatile The rather random development in technical efficiency might be a result of adjustment processes connected with the accession to the EU since it can be expected that important changes in the institutional and economic environments demanding adjustments in the organisational structure and structure of inputs of agricultural companies have had a negative impact on technical efficiency. This and the other factors determining the development of technical efficiency are identified based on the breakdown of technical efficiency into its components.
The breakdown shows that the development of technical efficiency and its variability was especially determined by the management and scale effects. Technological change did not contribute significantly to the efficiency development in the analyzed period. however, its constant trend, together with the symmetry of technical change distribution, suggests that the gap between the best and worst agricultural companies did not change within the analyzed period. The negative impact of management could be connected with the entrance of the czech republic into the EU in 2004. The positive scale effect might be a result of the positive impact of weather. The yield in almost all branches of plant production was close to record values. The other years were also significantly predetermined by the impact of weather, on the qualitative side of production as well as the quantitative side. in particular, production in 2006 was negatively influenced by the extreme weather. Moreover, Figure 1 shows the development of technical efficiency by sectors. Technical efficiency in plant production stagnated between 2004 and 2007. The development was given by the management and scale effects. The positive effect of management suggests that the companies specialized in plant production adjusted better to the institutional and economic changes, and hence could be more competitive in the market compared to producers in animal or combined production. Moreover, the impact of weather, especially the negative impact in 2006, was not so strong in this sector compared to combined production. on the other hand, the negative scale effect, which is the result of the estimated decreasing returns to scale, suggests that the companies are producing at a higher than the optimal scale.
Technical efficiency in animal production entered a decreasing trend in 2005. This trend was significantly determined by management. Both the management and scale effects reflect the situation in the market. The growing imports of meat, which were not compensated by exports, resulted in the increasing competition in the domestic market. This can be observed beginning from the year 2005. however, the surplus of supply over demand was remarkably large in 2007. The decrease in production that resulted from a decline in competitiveness of czech agricultural companies and potentially czech food producers brought about a decrease in technical efficiency, since agricultural companies were left with unused capacities. The decrease in production can be observed from the increase of the scale effect and the decrease of the management effect.
The development of technical efficiency in combined production is almost identical to the development in the agricultural sector as a whole. That is, the same factors which determine the level of technical efficiency could be mentioned (see above). combining the results, we may state that the technical efficiency of companies with combined production is determined by the same factors as in specialized companies. The diversification of production can decrease the negative effects of those factors which determine animal or plant production. on the other hand, the adjustment processes have a negative impact on technical efficiency and may cause its development to be volatile. Figure 2 shows the development of TFP in agriculture and by its sectors. TFP for the total agriculture increased between the years 2004 and 2005; however, it entered a decreasing trend in 2005. combined production experienced the same development. TFP in plant production grew during the whole period, as opposed to animal production. The sector of animal production experienced a significant decrease in TFP in the last year of the analyzed period. The figures for the individual sectors show the breakdown of TFP into its individual components. The technical efficiency component is not explicitly shown. Since technical efficiency was analyzed in the previous section, we broke it down, and its components added up to the remaining components of TFP, i.e., the scale effect, technological change and management.
TFP development
We may observe that all components in plant production contributed to the increasing trend in the last year, except for technological change. The development of TFP shows the increasing competitiveness of specialized agricultural companies, which is consistent with the results in the previous section. The negative impact of the scale effect is again a result of the estimated decreasing returns to scale. however, we may observe that agricultural companies are getting closer to the optimal level of scale. in addition, the increase in TFP might be a sign of the positive effects of subsidies in this sector, since subsidies contribute to the competitiveness of producers.
TFP in animal production showed an increasing trend until 2006. This was primarily a result of the positive impact of the technological change and the scale effect. The most important year in the development is the last year. The dramatic drop in the TFP level was a result of all components: technical efficiency, scale effect, technological change and management effect. The drop in production that resulted from decreasing competitiveness in the domestic market was translated into the decline of not only technical efficiency, but also TFP. The calculations show that TFP would decrease even without the technical efficiency component as a result of the reduced production.
The decreasing trend of TFP in combined production since 2005 is again a result of all components. The reason for the decrease in TFP could by caused by the increasing competition in the sector of animal production, which resulted from the increasing imports. Since the producers having combined production are, in average, of different technology and technical efficiency, and they are less competitive compared to specialized producers, they might have experienced problems with competitiveness earlier compared to the specialized companies. on the other hand, since these companies can diversify their production, the drop in TFP was not as dramatic as in the case of the specialized producers.
CONCLUSIONS
in this section, we will concentrate on the questions raised in the introduction, namely those regarding the adoption of innovation and the reduced waste of resources due to the inefficient input use, identification of the key factors which determine the productivity development in czech agriculture, and the assessment of whether the systemic or idiosyncratic developments in agriculture have occurred.
We estimated that technical change has a positive but declining impact on production. Technical progress was Material using, and Labour, Land and capital saving. Furthermore, technical inefficiency was identified as an important phenomenon in czech agriculture, i.e., the efficiency differences among companies are an important reason for the variations in production; this holds true for both intersectoral and intrasectoral comparisons. Moreover, we identified that management is an important factor determining production. in particular, it significantly determines the production elasticity of Material, Labour and capital. As far as the economies of scale are concerned, we found that for the average company in the sample, there is no indication of the economies of scale. however, the situation is different for the individual branches. Whereas an average company in plant production, as well as other production, has decreasing returns to scale, the sum of production elasticities is about one for the average company in animal and combined production. in addition, the analysis shows that the differences among companies are large in all branches.
The development of technical efficiency is rather random in the total agriculture and combined production. it stagnated in plant production and experienced a decreasing trend in animal production. TFP development for the total agriculture and combined production began to decrease in 2005. Plant production showed an increasing trend for the whole analyzed period. Animal production experienced a significant drop in TFP in 2007. TFP development was influenced by all components, namely technical efficiency, scale effect, technical change and management. Their contributions differ intersectorally as well as intrasectorally. The most important factors which determine both technical efficiency and TFP were factors connected with institutional and economic changes, in particularly a dramatic increase in the imports of meat and increasing subsidies, as well as the impact of weather. Finally, we may conclude that some effects are systemic, i.e., they influence all sectors, but we also identified idiosyncratic factors, especially in animal production.
